Recent developments in high dynamic range detectors for electron diffraction have provided new opportunities for studying localized phenomena in crystal structures. Here, we extract fully quantitative diffraction information from atomically thin two dimensional (2D) materials using these new detector techniques, and find that Friedel's law is broken in monolayer 2D materials. Friedel's Law states that the diffraction pattern from the interaction of an electron beam with a crystal will have equal intensities for both the hkl and hkl points, i.e. I(hkl) = I( hkl ), as must be true for kinematic scattering from a real potential. We investigate the polarity, i.e. breaking of in-plane inversion symmetry, of 2D materials as the cause of the asymmetry observed in the diffraction patterns, which violates the Friedel's law.
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In previous dark field transmission electron microscopy (DF-TEM) of monolayer molybdenum disulfide (MoS 2 ) [1] , an anomalous contrast was observed between the hkl and hkl spots in the diffraction pattern. Experiments using the newly developed high dynamic range electron microscope pixel array detector (EMPAD), which acquires a diffraction pattern for each scan position of the electron beam, have confirmed that Friedel's law is broken in tungsten disulfide (WS 2 )/tungsten diselenide (WSe 2 ) lateral heterojunctions and provided quantitative information on the polarity (Figure 1d ), in agreement with results from DF-TEM of the same sample (Figures 1a-c) .
In the Born approximation for scattering, the weak phase approximation (WPA) is often used, i.e. only linear terms in σV are retained in the expansion of the electron wave function, where σ is the interaction parameter and V is the atomic potential of the material. We retain up to quadratic terms in σV to show analytically that the higher order terms give rise to an anomalous contrast between hkl and hkl spots in the diffraction pattern for polar materials. We implement numerical simulations to calculate this contrast in boron nitride (BN), MoS 2 , molybdenum diselenide (MoSe 2 ), WS 2 , WSe 2 and titanium disulfide (TiS 2 ). The normalized intensities of two conjugate first order peaks 010 and 010 , as well as the WPA, in which both peaks have equal intensity, are plotted as a function of incident beam energy in Figures 2a and 2b for WS 2 and WSe 2 respectively. Even for an incident energy value of 1 MeV, the anomalous contrast between the two conjugate Bragg peaks is higher for WS 2 than for WSe 2 . This can be attributed to the difference in atomic numbers of the constituent elements of WS 2 (ΔZ=Z(W)-2 × Z(S)=42) being much greater than in the case of WSe 2 (ΔZ=Z(W)-2 × Z(Se)=6). The anomalous contrasts for all six polar 2D materials studied roughly follow this trend (Figure 2c ).
From our analytic approximation and simulation results, we demonstrate that for a polar 2D material, i.e. a 2D lattice with no inversion symmetry, even a monolayer acts as a strong phase object and breaks Friedel's law. This contradicts early historical understanding of this effect [2] , in which it was thought that multiple scattering events from different atoms in a thick crystal were required to break Friedel's law, since atoms were assumed to be weak scatterers. 
